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WKH LQFUHDVHRIPLOOLQJSURHFHVVSDUDPHWHUV EXW LQ [ DQG\GLUHFWLRQ WKHGHJUHHRI LQIOXHQFH LV GLIIHUHQW7KH[GLUHFWLRQ UHVLGXDO VWUHVV RQ





.H\ZRUGV7LWDQLXP$OOR\ 5HVLGXDO6WUHVV 0LOOLQJ3DUDPHWHU 6HQVLWLYLW\
,QWURGXFWLRQ
7LWDQLXP DOOR\ KDV WKH DGYDQWDJHV RI KLJK VWUHQJWK ORZ
GHQVLW\ JRRG KHDW UHVLVWDQFH FRUURVLRQ UHVLVWDQFH DQG RWKHU
DGYDQWDJHV,WLVZLGHO\XVHGLQDYLDWLRQILHOG$WSUHVHQWWKH
HQJLQH FRPSRQHQW WKH VNLQ WKH VNHOHWRQ WKH IDVWHQHU DQG
XQGHUFDUULDJH DQG VR RQ DUH PRVWO\ WKH WLWDQLXP DOOR\
PDWHULDO %XW7LWDQLXP DOOR\ KDV ORZ HODVWLF PRGXOXV WKH
ODUJH VSULQJEDFN VWURQJ FKHPLFDO DFWLYLW\ DQG SRRU WKHUPDO
FRQGXFWLYLW\ ZKLFK FDQ FDXVH D KLJK FXWWLQJ IRUFH DQG
WKHUHIRUHFXWWLQJKHDW LQWKHFXWWLQJSURFHVV8QGHUWKHHIIHFW
RI WKHUPDO PHFKDQLFDO FRXSOLQJ WKH VXUIDFH OD\HU RI WKH
ZRUNSLHFH ZLOO LQHYLWDEO\ JHQHUDWH UHVLGXDO VWUHVV7KH
H[LVWHQFHRIUHVLGXDOVWUHVVFDQVHULRXVO\DIIHFWWKHSURFHVVLQJ
SUHFLVLRQ DQG GLPHQVLRQDO VWDELOLW\ VWDWLF VWUHQJWK IDWLJXH
VWUHQJWKDQGFRUURVLRQFUDFNLQJRIWKHFRPSRQHQW(VSHFLDOO\
LQ WKH EHDULQJ DQG URWDWLQJ SDUWV WKH H[LVWHQFH RI UHVLGXDO
VWUHVV LV YHU\ HDV\ WR FDXVH VXGGHQ GHVWUXFWLRQ DQG WKH
FRQVHTXHQFHV DUH RIWHQ YHU\ VHULRXV >@7KHUHIRUH LW LV
LPSRUWDQWWRFRQWUROWKHVL]HRIWKHUHVLGXDOVWUHVVE\VHOHFWLQJ
WKH FXWWLQJ SDUDPHWHUV UHDVRQDEO\ ZKLFK KDV LPSRUWDQW
LQIOXHQFH RQ WKH ZKROH VXUIDFH LQWHJULW\ DQG DQWLIDWLJXH
SURSHUW\ RI WKH FRPSRQHQW 7KH LQIOXHQFH RI FXWWLQJ




RI FRQWUROOLQJ WKH VXUIDFH LQWHJULW\ DQG UHVLGXDO VWUHVV >@
+XDQJ;KDVHVWDEOLVKHGWKHSUHGLFWLRQPRGHORIWKHUHVLGXDO
VWUHVVRIWKHVLGHPLOOLQJWKHVLPXODWLRQUHVXOWVVKRZWKDWWKH
VLGH PLOOLQJ VXUIDFH LQ WKH D[LDO GLUHFWLRQ WKDQ LQ WKH IHHG
GLUHFWLRQ VKRZHG D JUHDWHU FRPSUHVVLYH VWUHVV>@ )HUJDQL 2
SUHVHQWV DQ DQDO\WLFDO DOJRULWKP IRU WKH SUHGLFWLRQ RI WKH
UHVLGXDO VWUHVV LQ WKHPDFKLQLQJSURFHVVEDVHGRQRUWKRJRQDO
FXWWLQJ 7KH PHWKRG FRQVLGHUV WKH FKDQJH RI WKH UHVLGXDO
VWUHVV VWDWH FDXVHG E\ WKH PXWLSURFHVV DQG WKH KDUGHQLQJ
EHKDYLRU RI WKH PDWHULDO>@/XWDR/LX VLPXODWV WKH FXWWLQJ
SURFHVVRIKLJKVSHHGFXWWLQJ*+E\PHDQVRIWKHILQLWH
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HOHPHQWVRIWZDUHDQGDGRSWVVLQJOHIDFWRUPHWKRGWRVWXG\WKH
FXWWLQJ SDUDPHWHUV DQG WRRO JHRPHWU\ SDUDPHWHUV RQ
GLVWULEXWLRQ DQG PDJQLWXGH RI PDFKLQHG VXUIDFH UHVLGXDO
VWUHVV7LDQUDQ+XDQJ FDUULHV RXW WKH ORZVSHHG GLVN PLOOLQJ
WLWDQLXP DOOR\ PLOOLQJ SDUDPHWHUV RQ PDFKLQHG VXUIDFH
UHVLGXDO ([SHULPHQWDO UHVXOWV VKRZ WKDW PDFKLQHG VXUIDFH
UHVLGXDO VWUHVV LV FRPSUHVVLYH VWUHVV FKDQJH RI WKH PLOOLQJ
VSHHG  LV WKHPRVW VLJQLILFDQWRQ WKHHIIHFWRI VWUHVV DQG WKH
IHHGUDWHLVVHFRQGDQGWKHGHSWKRIFXWWLQJLVWKHOHDVWLQWKH
VHOHFWHG UDQJH RI FXWWLQJ SDUDPHWHUV /RQJKXL 0HQJ HW DO




WKH FRPSUHVVLYH VWUHVV LQ WKH VXUIDFH FXWWLQJ DQG IHHG
GLUHFWLRQ 7KH DQQHDOLQJ WUHDWPHQW FDQ UHGXFH WKH UHVLGXDO
VWUHVVLQWKHGLUHFWLRQVRIWKHVXUIDFHIRUWKHVXUIDFHUHVLGXDO
VWUHVVFDXVHGE\7L$O9SLSHWXUQLQJ>@<H6XQKDVVWXGLHG
DERXW WKH HIIHFW RI GLIIHUHQW FXWWLQJ VSHHG RQ WKH UHVLGXDO






RI FXWWLQJ SDUDPHWHUV RQ WKH UHVLGXDO E\ RUWKRJRQDO
H[SHULPHQWRIWKHPLOOLQJSURFHVVSDUDPHWHUV IRUWKHPDWHULDO
RIGLIILFXOWPDFKLQLQJRIWLWDQLXPDOOR\7&7KHSXUSRVHRI
WKLV SDSHU LV WR SURYLGH UHDVRQDEOH WKHRUHWLFDO EDVLV IRU
DHURVSDFHSDUWVPDFKLQLQJSURFHVVRIFXWWLQJSDUDPHWHUV
%DVLFPHWKRGRIVHQVLWLYLW\DQDO\VLV>@




WR LGHQWLILHG DFFXUDWHO\ DQG HIIHFWLYHO\ WKH RSWLPL]DWLRQ
YDULDEOHVWRPRGLI\WKHRSWLPL]DWLRQSURJUDP
$EVROXWHVHQVLWLYLW\
$EVROXWH VHQVLWLYLW\ UHSUHVHQWV WKH WDUJHW IXQFWLRQ IRU
VHQVLWLYLW\ RI RQH FXWWLQJ SDUDPHWHU $FFRUGLQJ WR WKH
PDWKHPDWLFDOGHILQLWLRQRIVHQVLWLYLW\WKHDEVROXWHVHQVLWLYLW\
IRUREMHFWLYHIXQFWLRQRIUHVLGXDOVWUHVVRQFXWWLQJSDUDPHWHUV
FXWWLQJ VSHHG HDFK WRRWK IHHG DQG FXWWLQJGHSWK LQPLOOLQJ
SURFHVVLVH[SUHVVHGDVIOORZV
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'XH WR WKH REMHFWLYH IXQFWLRQ PRGHO  [V LV REWDLQHG E\
FXWWLQJ H[SHULPHQWV WKH LQLWLDO VHWV RI FXWWLQJ SDUDPHWHU
FRPELQDWLRQ DUH WKH GLVFUHWH SRLQWV 7KHUHIRUH LQ WKH
UHVSHFWLYHO\ FDOFXODWLRQ RI DEVROXWH VHQVLWLYLW\ FY6 V ]I6V
DQG SD6V WKHRWKHUSDUDPHWHUVDUHWDNHQDVWKHDYHUDJHYDOXHV
RI WKH SDUDPHWHUV REWDLQHG LQ WKH H[SHULPHQW ]I SD
UHVSHFWLYHO\WDNHWKHDYHUDJHYDOXHRIWKHSDUDPHWHUVREWDLQHG
IURPWKHH[SHULPHQW ]I SD DVFDOFXODWHG FY6V 
5HODWLYHVHQVLWLYLW\
5HODWLYH VHQVLWLYLW\ PHWKRG LV RQH PHWKRG WR JHW ULG RI
GLPHQVLRQDO LQIOXHQFHRQ VHQVLWLYLW\ DQDO\VLV EHFDXVHRI WKH
FXWWLQJ SURFHVV RI WKH REMHFWLYH IXQFWLRQ RI WKH DEVROXWH
VHQVLWLYLW\ RI GLIIHUHQW FXWWLQJ SDUDPHWHUV GLPHQVLRQ LV
GLIIHUHQWWKHFXWWLQJSDUDPHWHUVFDQRQO\UHIOHFWWKHLQIOXHQFH
GHJUHHRIWKHFKDQJHRIWKHREMHFWLYHIXQFWLRQLWVHOI,QRUGHU
WR RYHUDOO FRPSUHKHQVLYH FRPSDULVRQ RI WKH SURFHVV RQ WKH
LQIOXHQFH RI VXUIDFH UHVLGXDO VWUHVV 7R GHDO ZLWK WKH
GLPHQVLRQDODEVROXWH VHQVLWLYLW\ FY6V ]I6V SD6V LQ IRUPXOD
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5HODWLYH VHQVLWLYLW\ LV WKH FRPSUHKHQVLYH UHIOHFWLRQRI WKH




0DWHULDO LV7& WLWDQLXPDOOR\RQH   WLWDQLXPDOOR\
ZLWK KLJK VWUHQJWK DQG KLJK WRXJKQHVV 7KH PDLQ FKHPLFDO
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0HDVXUHPHQWVDQGWHVWV
6SHFLPHQV DUH PDFKLQHG LQ -2+1)25'90&  ZLWK
HPXOVLILHG OLTXLG LQ GRZQ PLOOLQJ ZLWK PP GLDPHWHU 
GHJUHHVUDNHDQJOHGHJUHHUHOLHIDQJOHGHJUHHVKHOLFDO
DQJOH SKRHQL[ FRDWHG IRXU WHHWK DQG FHPHQWHG FDUELGH
.8)EDOO PLOOV LV DGRSWHG7KHPDFKLQLQJ WHVW LVGLYLGHG
LQWR  SDUWV $ % & DQG ' IRXU DUHD RI LVRODWLRQ JURRYH




7R LQYHVWLJDWH WKHHIIHFWRIFXWWLQJSDUDPHWHUV YF  I] DQG
DS RQ VXUIDFH UHVLGXDO VWUHVV WKUHH OHYHOV RI RUWKRJRQDO WHVW
PHWKRGLVDGRSWHG$QGWKH[DQG\GLUHFWLRQUHVLGXDOVWUHVVRI
VSHFLPHQ LV WHVWHGXVLQJD35272/;5'0* UHVLGXDO
VWUHVV WHVWLQJ V\VWHP DW WKH VSHFLPHQ VXUIDFH FHQWHU
SURFHVVLQJVFKHPHDQGUHVLGXDOVWUHVVWHVWUHVXOWVDUHVKRZQLQ
WDEOHZKHUH[LVWKHGLUHFWLRQRIFXWWLQJIHHGGLUHFWLRQ\LV
WKHYHUWLFDOGLUHFWLRQRIWKHFXWWLQJIHHGDQG  RU 
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&XWWLQJ IRUFH LV WKH PDLQ SK\VLFDO SKHQRPHQD LQ WKH
SURFHVVRIPHWDO FXWWLQJ WKH FXWWLQJ IRUFH LV WKHPDLQ IDFWRU
FDXVLQJKHDWFXWWLQJ6WXGLHVKDYHVKRZQWKDWFRPELQDWLRQRI
FXWWLQJIRUFHDQGFXWWLQJKHDW LV WKHFDXVHVRIUHVLGXDOVWUHVV
6L]H RI FXWWLQJ IRUFH DQG FXWWLQJ KHDW FXWWLQJ SURFHVV KDYH
UHODWHG ZLWK VHOHFWHG FXWWLQJ SDUDPHWHU DV WKH PDFKLQLQJ
SURFHVV VXFK DV FXWWLQJ VSHHGYF SHU WRRWK IHHG I] FXWWLQJ
GHSWK DS 6LPLODUO\WKH H[SHULHQFH IRUPXOD RI WKH VXUIDFH






,Q WKH PLGGOH RI IRUPXOD  DQG  &V[DQG&V\ DUH WKH
FRHIILFLHQWV RI WKH PDFKLQHG GHWHUPLQHG E\ WKH PDFKLQHG
PDWHULDO DQG WKH PLOOLQJ FRQGLWLRQV D D E E F F




          [ [ F S ]OJ OJ& D OJY E OJD F OJIV V    
          \ \ F S ]OJ OJ& D OJY E OJD F OJIV V    
7DNLQJWKHIRUPXODDVDQH[DPSOH LWVXSSRVHVWKDW
< OJV[D OJ&V[; OJYF; OJDS; OJI])RUPXODFDQEH
FRQYHUWHGWRWKHHTXLYDOHQWIRUPXODEHORZ
< DD;E;F;
%DVHG RQ WKH H[SHULPHQW YDOXH RI UHVLGXDO VWUHVV WKH
UHJUHVVLRQ FRHIILFLHQW RI IRUPXOD  LV REWDLQHG E\ XVLQJ WKH
PXOWLSOH OLQHDU UHJUHVVLRQPHWKRGDQG WKHQ FRHIILFLHQW RI WKH
IRUPXOD LV REWDLQHGE\XVLQJ WKH LQYHUVH IRUPXOD ,Q WKH
VDPHZD\WKHIRUPXODFDQEHVROYHGE\WKHIRUPXOD,QWKLV
SDSHUWKHVWDWLVWLFDODQDO\VLVVRIWZDUH6366LVXVHGWRDQDO\]H
DQG WHVW WKH UHJUHVVLRQ DQDO\VLV RI WKH IRUPXOD  (PSLULFDO




IRU UHVLGXDO VWUHVV E\PHDQV RI 6366 VRIWZDUH DV VKRZQ LQ
WDEOH  7KHPXOWLSOH FRUUHODWLRQ FRHIILFLHQW 5 UHSUHVHQWV DOO
WKHGHSHQGHQWYDULDEOHDQGLQGHSHQGHQWYDULDEOHOLQHDUUHODWHG















)RU DOO WKUHH UHDFWLRQ WKH JRRGQHVVRIILW RI WKH PRGHO
WKHYDOXHUDQJHLVEHWZHHQDQGDQGLILWJHWVPRUHFORVHWR
 UHVXOW VKRZV SUHGLFWHG YDOXHV DQG WKHPHDVXUHG YDOXH DUH
FORVHUSURYLGLQJDWKHPRUHDFFXUDWHPRGHO$FFRUGLQJWRWKH
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GDWD DQG WKH FDOFXODWHG HUURU FDQ EH VHHQ LQ WDEOH  WKH





DQDO\VLV RI WKH FXWWLQJ SDUDPHWHUV LQ 7& WLWDQLXP DOOR\
PLOOLQJ WKH WKUHH IDFWRUVWKUHH OHYHOV IXOO IDFWRULDO GHVLJQ
PHWKRG LV DGRSWHG7KUHH IDFWRUV DUH UHVSHFWLYHO\ HDFK WRRWK
IHHGLQJ RI I] PP FXWWLQJ GHSWK DS PP DQG WKH FXWWLQJ
VSHHG YFPPLQ (DFK IDFWRU LQFOXGHV DERXW WKUHH OHYHOV YF
UHVSHFWLYHO\ DUH    I] UHVSHFWLYHO\ DUH
   DS UHVSHFWLYHO\ DUH   
5HVLGXDO VWUHVVHV DUH FDOFXODWHG E\ WKH UHVLGXDO VWUHVV
HPSLULFDOPRGHOIRUPXODDQGIRUPXODWKHXVLQJQXPHULFDO
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 $EVROXWHVHQVLWLYLW\DQDO\VLVRIWKHFXWWLQJVSHHGYF









DQDO\VLV RI WKH UHVXOWV RI WKH FXWWLQJ VSHHG YF IRU VXUIDFH
UHVLGXDO VWUHVV FDQ EH REWDLQHG DV VKRZQ LQ )LJXUH:KHQ
YF PPLQ WKH VHQVLWLYLW\ DQDO\VLV RI  [V WR YF LV
VOLJKWO\ ODUJHU WKDQRWKHUV:KHQ WKHDSDQG I]XQFKDQJHG WKH
DEVROXWHVHQVLWLYLW\RIVXUIDFHUHVLGXDOVWUHVV  [V DQG  \V 
WR WKH FXWWLQJ VSHHG YF GHFUHDVH ZLWK WKH LQFUHDVLQJ RI YF
:KHQWKHDSDQGYFXQFKDQJHGDORQJWKHLQFUHDVLQJRII]WKH
DEVROXWHVHQVLWLYLW\RIVXUIDFHUHVLGXDOVWUHVV  [V DQG  \V
WR WKH FXWWLQJ VSHHG YF LQFUHDVHV VORZO\:KHQ WKH I]DQG YF
XQFKDQJHGZLWK WKHGHFUHDVLQJRIDS WKHDEVROXWH VHQVLWLYLW\
RI VXUIDFH UHVLGXDO VWUHVV  [V GHFUHDVH WR WKHFXWWLQJ VSHHG
YFWKHUXOHRI  \V UHQGHULQJLQVWHDG
 $EVROXWHVHQVLWLYLW\DQDO\VLVRIWKHFXWWLQJGHSWKDS
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
$FFRUGLQJ WR WKH IRUPXOD  DQG  WKH DEVROXWH
VHQVLWLYLW\ DQDO\VLV RI WKH UHVXOWV RI WKH VSHHG DS WR VXUIDFH
UHVLGXDO VWUHVV FDQEHREWDLQHG DV VKRZQ LQ)LJXUH:KHQ
YF PPLQ WKH VHQVLWLYLW\ DQDO\VLV RI  \V WR DS LV
ODUJHU WKDQ  WKH UHVW RI WKH WZR OHYHOV DUH UHODWLYHO\ VPDOOHU
:KHQWKHDSDQGI]XQFKDQJHGDORQJZLWKWKHLQFUHDVLQJRIYF
 WKH DEVROXWH VHQVLWLYLW\RI VXUIDFH UHVLGXDO VWUHVV  [V DQG
 \V WR WKH FXWWLQJ VSHHGYF LQFUHDVHV:KHQ WKHDS DQGYF
XQFKDQJHG DORQJ ZLWK WKH LQFUHDVLQJ RI I] WKH DEVROXWH
VHQVLWLYLW\ RI VXUIDFH UHVLGXDO VWUHVV  [V DQG  \V WR WKH
FXWWLQJ VSHHG YF GHFUHDVH :KHQ WKH I] DQG YF XQFKDQJHG
DORQJ ZLWK WKH GHFUHDVLQJ RI DS WKH DEVROXWH VHQVLWLYLW\ RI
VXUIDFHUHVLGXDOVWUHVV  [V WRWKHFXWWLQJVSHHGYFGHFUHDVH






$FFRUGLQJ WR WKH IRUPXOD  DQG  WKH DEVROXWH
VHQVLWLYLW\DQDO\VLVRI WKHUHVXOWVRI VXUIDFHUHVLGXDO VWUHVV WR
WKH FXWWLQJ VSHHG I] FDQ EH REWDLQHG DV VKRZQ LQ )LJXUH 
7KH VHQVLWLYLW\ DQDO\VLV RI  \V WR WKH FXWWLQJ VSHHG I] LV
QHJDWLYH 7KH VHQVLWLYLW\ DQDO\VLV RI  [V WR WKH FXWWLQJ
VSHHGI]LVSRVLWLYH:KHQWKHDSDQGI]XQFKDQJHGDORQJZLWK
WKHLQFUHDVLQJRIYFWKHDEVROXWHVHQVLWLYLW\RIVXUIDFHUHVLGXDO
VWUHVV  [V WR WKH FXWWLQJ VSHHG I] LQFUHDVH WKH UXOH RI ı\
UHQGHULQJLQVWHDG:KHQWKHDSDQGYFXQFKDQJHGDORQJZLWK
WKHLQFUHDVLQJRII]WKHDEVROXWHVHQVLWLYLW\RIVXUIDFHUHVLGXDO
VWUHVV  [V WRWKHFXWWLQJVSHHGI]LQFUHDVHWKHUXOHRI  \V UHQGHULQJ LQVWHDG:KHQ WKHYF DQG I]XQFKDQJHGDORQJZLWK
WKH LQFUHDVLQJ RI DS  WKH DEVROXWH VHQVLWLYLW\ RI VXUIDFH
UHVLGXDO VWUHVV  [V WR WKHFXWWLQJVSHHG I] LQFUHDVH WKHUXOH
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)URPWKHUHODWLYHVHQVLWLYLW\DQDO\VLVRIFXWWLQJSDUDPHWHUV
IRUWKHVXUIDFHUHVLGXDOVWUHVVRI[GLUHFWLRQLWFDQEHVHHQWKDW
WKH VXUIDFH UHVLGXDO VWUHVV VXUIDFH UHVLGXDO VWUHVV RI WKH
UHODWLYH VHQVLWLYLW\ RI FXWWLQJ SDUDPHWHU LV WKH LQGH[ RI WKH
PDWKHPDWLFDOPRGHO RI FXWWLQJ SDUDPHWHUV )URP WKH UHVXOWV




RI YF DS DQG I] IRU VXUIDFH UHVLGXDO VWUHVV RI < GLUHFWLRQ
UHVSHFWLYHO\ DUH    6XUIDFH UHVLGXDO
VWUHVV LV PRVW VHQVLWLYH WR WKH FKDQJH RI FXWWLQJ VSHHG DQG
WKHQ WKH HDFK WRRWK IHHG WKH OHDVW VHQVLWLYH WR WKH FKDQJHRI
FXWWLQJGHSWK
&RQFOXVLRQ
,Q WKLV SDSHU WKH LQIOXHQFH RI FXWWLQJ SDUDPHWHUV RQ WKH
VXUIDFHUHVLGXDOVWUHVVRIWLWDQLXPDOOR\7&ZDVVWXGLHGE\
RUWKRJRQDOH[SHULPHQW7KHH[SRQHQWLDOUHODWLRQVKLSEHWZHHQ
UHVLGXDO VWUHVV DQG FXWWLQJ SDUDPHWHUV LV HVWDEOLVKHG DQG WKH
HIIHFWRIFXWWLQJSDUDPHWHUVRQWKHUHVLGXDOVWUHVVLVDQDO\]HG
E\WKHVHQVLWLYLW\PHWKRG7KHFRQFOXVLRQLVDVIROORZV
 ,Q 7& WLWDQLXP DOOR\ PLOOLQJ SURFHVVDORQJ ZLWK WKH






 6XUIDFH UHVLGXDO VWUHVV RI ERWK GLUHFWLRQ DUH PRVW
VHQVLWLYH WR WKH FKDQJH RI FXWWLQJ VSHHG DQG WKHQ WKH HDFK
WRRWK IHHG WKH OHDVW VHQVLWLYH WR WKHFKDQJHRIFXWWLQJGHSWK
7KHUHIRUH DGMXVWLQJ FXWWLQJ VSHHG FDQ FRQWURO WKH YDOXH RI
VXUIDFHUHVLGXDOVWUHVV
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>@1 0DVPLDWL$$' 6DUKDQ1 0DVPLDWL2SWLPL]LQJ FXWWLQJ SDUDPHWHUV LQ
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VWUHVV FDXVHG E\ PDFKLQLQJ RI WKLQ ZDOO 7L$O9 SLSH ILWWLQJV ZLWK
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$OOR\ 6XUIDFH 5RXJKQHVV DQG 3DUDPHWHUV 6HQVLWLYLW\ LQ +LJK 6SHHG
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